The present work describes the preparation of nanocomposites in which the multiwall carbon nanotubes (MWCNT) have been mixed with conducting polypyrrole (PPy) via an in situ chemical oxidative preparation method. To reveal their structural, morphological and thermal properties, the composites have been characterized by x-ray diffraction, field emission scanning electron microscope, Fourier transform infrared, thermogravimetric analysis respectively. Electrical transport and magnetotransport properties have been investigated in the temperature range 77-300K in presence as well as in absence of magnetic field up to 1Tesla. The conductivities of the composites are greater than that of pure polypyrrole. All the investigated samples follow Mott's variable range hopping (VRH) theory whereas the magnetic field dependent conductivity have been explained in terms of two opposite but simultaneously acting hopping effect-wave function shrinkage and forward interference effect.
Introduction
During the last few decades, the study of conducting polymer composites has been carried out with growing interest. To enhance the application of conducting polymers, different materials of organic and inorganic origin have been used as conductive or insulating filler inside the matrix of the conducting polymer. This class of materials has a vast application in electromagnetic interference shielding, rechargeable batteries, electrodes, sensors, corrosion protection coatings, microwave absorption and so on [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . Most of the conducting polymers have an extended π-conjugation system with single and double bond alteration along with polymeric backbone. They behave like semiconducting materials with low charge carrier mobility's. Their conductivities can be enhanced by several orders by inserting suitable conductive fillers inside their polymer matrix. The conductivity of the composites depend on several factors like concentration of the conductive fillers, their shape, size, orientation and the interfacial interaction between the filler and the host matrix. It depends also on the reaction temperature, time of polymerization, monomer to oxidant molar ratio and oxidizing agent. The capacity for conductive network formation depends on the geometrical shape of the filler for which the larger conductivity is found. Polypyrrole (PPy) has become one of the most important conducting polymers due to their appreciable environmental stability, higher electrical conductivity, easier synthesis, solubility in different solvents [11] [12] . It has a potential application in the field of composite materials, tissue engineering, actuator, supercapacitor, electronic and optoelectronic devices [13] [14] [15] [16] [17] [18] . Carbon nanotubes (CNT) also have received significant attention for their unique mechanical, electrical, thermal and magnetic properties that have been used in the field of nanocomposites materials, nanoelectronic devices and so on [19] [20] . The large aspect ratio of CNTs has made them effective as conductive fillers in polymers [21] . Introduction of CNTs into the polymer matrix improve not only the stability of the polymers but also enhance the mechanical and electrical properties [22] [23] . According to Guo et al [24] , formation of a π-π non-covalent bond between the delocalized π electrons of the conducting polymer and the delocalized π electrons of the p-orbit of the carbon atoms of the CNTs reduce the energy of the composites to form a new stable system. Thus the conducting polypyrrole interacts with side walls of the CNTs and a coating of conducting polymer on CNTs has been formed. During the last two decades, a significant number of investigations have been made to explore the properties of polypyrrole-MWCNT composites [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . But most of them have given stress on different types of preparation technique and characterization of the composites. But very few of them describe the systematic study of temperature variation of electrical conductivity and also the magnetic field dependence of electrical conductivity [36] [37] [38] [39] [40] [41] [42] . Sahoo et al [39] studied the room temperature conductivity of the PPy-MWCNT composites and concluded that the conductivity of the composites was increased by one order of magnitude than pure polypyrrole. Yu et al [40] found almost the same result. They obtained the room temperature conductivity of the composites as 0.02 S cm -1 whereas for pure PPy , the conductivity was 6.9 X 10 -4 S cm -1 . Long et al [42] reported an improved electrical conductivity with increasing nanotube weight percentage.
In the present work, the fabrication and characterization of polypyrrole-MWCNT composites has been done. The nature of variation of electrical conductivity in the temperature range 77-300K and magnetic field dependent conductivity up to a transverse magnetic field of 1Tesla of the composites are investigated in an extensive manner. MWCNT. Samples were numbered as S0, S1, S2 and S3 for 0, 1, 2 and 3 % MWCNT respectively. Morphology of samples was obtained by using a Field emission scanning electron microscope. The other characterization and experimental techniques were given in our previous study [43] .
Sample preparation and experimental techniques

Results and Discussion:
Fig .1 shows the XRD pattern of polypyrrole (S0) and it's composite with MWCNT (S1, S2 and S3 ) . This XRD pattern shows a broad peak at 2θ = 25 0 in polypyrrole and it may arise due to regular repetition of monomer unit. In case of the composite, three peaks at 2θ = 25, 43, 50 0 are obtained. XRD pattern of MWCNT is published elsewhere [43] and it has some peaks at 2θ = 25, 43, 50 0 . So the observed peaks in the composite are obtained due to the presence of MWCNT. The peak at 2θ = 25 0 is more broad in the composite of polypyrrole with MWCNT than pure polypyrrole, because the peak of MWCNT at 2θ = 25 0 has been merged with the peak of polypyrrole. ). Both rod and particle like morphologies of the composite are seen from the micrograph. Wire like morphology is obtained for the pure MWCNT which is used for our investigation and its micrograph is reported elsewhere [44] . Diameter of the composite has been increased after polymerization and it suggests that the pyrrole is uniformly spread on the surface of the MWCNT. Diameter of the rod is 50-60 nm and length is in the range 0.5-1µm. Decrease in chain entanglement and over crowding of polymer may form particle morphology.
FTIR spectrums of polypyrrole (S0) and its composite (S1) are presented in Fig. 3 .
Polypyrrole has characteristic peaks at 3420, 2926, 1463, 1265, 1100, 785 cm -1 . The band at 3420 cm -1 is attributed to hydrogen bonded N-H stretching vibration [45] . A small band is obtained at 2926 cm -1 for the C-H stretching vibration of the five membered ring of pyrrole [46] . The band at 1463 and 1265 cm -1 may be attributed to C-N stretching modes of vibration in pyrrole ring. The band at 782 cm -1 may be attributed to out of plane C-H vibration. The peak assignment reveals that the synthesized product is polypyrrole [45] . shifted to higher wave numbers i.e., the uniform blue or red shift is not obtained in the composite. This may be due to the change in bond strength in presence of MWCNT. This FTIR result suggests that N-H, C-H, C-C bond becomes weaker and C-N bond becomes stronger in the composite [47] .
TGA of polypyrrole (S0) and its composite with MWCNT (S1 S2 and S3) have been done in the temperature range 25 0 C to 700 0 C and the thermograms are presented in Fig.4 .
Thermogram of polypyrrole shows that the mass loss began around 30 0 C and about 10%
weight loss occur at 100 0 C. This weight loss is due to the loss of water molecules from the sample. A very small weight loss is obtained for the loss of oligomers molecules till 190 0 C and then weight loss occurs gradually due to the degradation of the polymer chain. 52%
weight loss occurs at 750 0 C for polypyrrole. It is observed from the spectrum that composites are thermally equally stable to the polypyrrole. Thermal stability of composite increases slightly with increasing MWCNT. Since the doping percentage of MWCNT in polypyrrole is very small remarkable thermal stability is not observed in our samples.
To develop the idea about the temperature dependence of dc conductivity of the PPy-MWCNT composites, the temperature variation of dc resistivity of the samples have been measured within a range 77  T 300K. The values of room temperature conductivity of different samples have been indicated in the Table I . Conductivity increases with incorporation of highly conducting MWCNT in the PPy matrix. PPy is considered as a good electron donor whereas MWCNTs are relatively good electron acceptors. So there is some interaction between the quinoid rings of PPy and MWCNTs which facilitates the charge transfer process between the two components. The localization length in MWCNT is around 10 nm [48] due to the presence of a large -conjugated structure and hence has a high conductivity. But in case of PPy, the localization length found is only 1.55 nm resulting in a relatively poor conductivity. This value is consistent with the values (1-2 nm) reported by other investigators [49] . Thus, the strong coupling between the MWCNTs and the polymer chains enhances the average localization length and hence conductivity increases for the composite samples. Fig.5 shows the variation of dc resistivity as a function of temperature.
All the investigated samples behave like disordered semiconductors. The increase in the charge transfer process between PPy and MWCNT with increasing temperature enhances the conductivity of the samples. Generally, the temperature dependence of resistivity of a disordered semiconducting system is explained in terms of Mott's variable range hopping (VRH) model [50] . According to this model, the resistivity can be expressed as
where the VRH exponent  determines the dimensionality of the conducting medium by the To investigate the magnetotransport property of the PPy-MWCNT composites, the are -0.07% for S0, -0.36% for S1, -0.70% for S2 and -0.86% for S3 respectively. The percentage change of magnetoconductivity is almost same as that of pure PPy but it increase with increasing content of MWCNT in the PPy matrix. In general, the dc magnetoconductivity can be analyzed by simple phenomenological model that consists of two simultaneously acting hopping processes-the wave function shrinkage model [51] [52] and the forward interference model [53] [54] [55] . In wave function shrinkage model, the average hopping length reduces due to the contraction of wave function of electrons under the influence of a magnetic field. As a result, the conductivity decreases with increasing magnetic field. Under a small magnetic field, the magnetoconductivity ratio can be expressed as [51]     where C sat is a temperature independent parameter and 
As small localization length of PPy is obtained, the average hopping length Table I ) and thus, wave function shrinkage effect may be observed in PPy. However, a positive magnetoconductivity for CNT films and pellets at weak magnetic field due to their large L loc and R hopp has been reported in the literature [56] [57] . Therefore, the competition of these two (wave function shrinkage and forward interference) effects is responsible for change in the sign and magnitude of magnetoconductivity of the PPy-MWCNT composites. In addition, we note that the magnitude of the positive magnetoconductance is much smaller than that of the negative magnetoconductance, which may reflect that the quantum interference effect is much weaker than the wave function shrinkage effect of the samples whose localization length is comparatively small [58] . Therefore, the predominance of wave function shrinkage effect over forward interference effect is indicated by the observed decrement of magnetoconductivity of the investigated samples. So the measured data has been analyzed according to the wave function shrinkage model. 
